ucts are derived from strong base hydrolysis and neutralization of lipoproteins. The source of lipoproteins is fractured cell walls of microbes generated from biological syntheses. The resulting amino acids are mixed with transition metal salts to form the metal amino acid chelates. Fatty acids are resident in the final product, originating from the lipoprotein substrate.
levels [7, 8] . The objective of this study was to estimate the relative bioavailabilities of two new amino acid chelates compared with either reagent-grade Mn sulfate monohydrate or reagentgrade Cu sulfate pentahydrate as the standards in chicks fed for 21 d.
MATERIALS AND METHODS

Bird Management and Experimental Treatments
Two experiments were conducted to estimate the relative bioavailability of two new amino acid chelates of Mn or Cu compared to either reagent-grade Mn sulfate monohydrate (MnSO 4 ؒH 2 O) or reagent-grade Cu sulfate pentahydrate (CuSO 4 ؒ5H 2 O) as the standards in chicks fed for 21 d. In experiment 1, the basal diet (Table 1) containing 118 ppm Mn (DM basis by analysis) was formulated to meet or exceed the nutrient requirements of starting chicks [9] . The reagent-grade Mn sulfate or Mn amino acid chelate (MnAA) were added to the basal diet at 0, 500, 1,000, or 1,500 ppm Mn. For experiment 2, the basal diet (Table 1) contained 18.4 ppm Cu (DM basis by analysis) and reagent-grade Cu sulfate or the Cu amino acid chelate (CuAA) were added to the basal diet at 0, 150, 300, or 450 ppm Cu. In both experiments chicks were assigned randomly to treatments and fed experimental diets for 21 d. There were six pens of five male Ross × Ross broiler chicks for each of seven dietary treatments for a total of 210 chicks in a completely randomized design in each experiment. Birds were housed in two Petersime brooder units with stainless steel feeders, waterers, and gates and maintained on a 24-h constant light schedule. Tap water (containing no detectable Mn or Cu by analysis) and feed were available for ad libitum consumption. Chicks were managed according to guidelines approved by the University of Florida Animal Care and Use Committee. At the end of both experiments, feed intake was recorded per pen and birds were weighed individually. The heaviest and lightest chicks in each pen were discarded and remaining chicks were then killed by cervical dislocation. In experiment 1, right tibias were removed and frozen individually in heat-sealed plastic bags for Mn analysis. In experiment 2, a 5-to 6-g sample of liver (fresh weight) uncontaminated by bile was collected and frozen for Cu analysis.
Chemical Analysis
Manganese and Cu concentrations in diets, water, supplemental sources, and tissues were determined by flame atomic absorption spectrophotometry with a Perkin-Elmer Model 5000 [10] . Samples of diets and supplemental sources were dried at 105°C for 12 h, then were dry ashed at 550°C for 12 h, solubilized in HCl, and filtered through 42 Whatman paper. Bones were boiled for approximately 10 min in deionized water and cleaned of all soft tissue. Tibias with associated cartilages were dried for 12 h at 105°C, extracted in a Soxhlet apparatus with petroleum ether for 48 h prior to ashing, and then solubilized as indicated above. Livers were washed in deionized H 2 O to remove all blood, then blotted with ashless filter paper, cut with stainless steel scissors into pieces (<4 mm) and dried at 105°C for 12 h. The samples were preashed in 50% (v:v) HNO 3 on a hot plate before dry-ashing in a muffle furnace, then solubilized and filtered as described for diets. Water was concentrated tenfold by evaporation on a hotplate. Standards were matched for macroelement and acid concentrations as needed for Mn or Cu analysis. Citrus leaves-1572 and bovine liver-1577b standard reference materials [11] were used as internal standards.
Solubility of 0.1 g of each of the Mn or Cu sources was determined in 100 ml of deionized H 2 O, 0.4% HCl, 2% citric acid, or neutral ammonium citrate after 1 h of constant stirring at 37°C [12] .
Statistical Analysis
Data were analyzed by two-way ANOVA by the General Linear Models (GLM) procedure with a model that included Mn source, dietary Mn concentration, and their interaction in experiment 1, and Cu source, dietary Cu concentration, and their interaction in experiment 2 [13] . Pen was the experimental unit. For experiment 1, multiple linear regression of bone Mn concentration on added dietary Mn concentration was calculated using GLM. Relative bioavailability estimates were calculated using slope ratios, with reagent-grade Mn sulfate given a relative value of 100% [14] . Standard errors of the slopes and slope ratios were estimated with the method of error propagation as described by Kempthorne and Allmaras [15] . In experiment 2, simple linear regression of log 10 liver Cu concentration on added dietary Cu intake from non-zero added levels was used to calculate slope ratios. The log 10 transformation was needed due to heterogeneous variances, and Cu intake rather than dietary concentration was used as the independent variable because feed intake differed among treatment groups. Otherwise, calculations were as described for experiment 1, using Cu sulfate as the standard source.
RESULTS AND DISCUSSION
Solubility
The Mn and Cu amino acid chelates evaluated were both 10 to 20% less soluble in water than their respective sulfate form, but their solubilities were within 10% of the respective sulfate's solubility in 0.4% HCl, 2% citric acid, and neutral ammonium citrate (Table 2) . Reagentgrade Cu sulfate and CuAA chelate were less soluble in all solvents tested than the reagentgrade Mn sulfate, despite the fact that Guo et al. [3] reported values in all four solvents for the reagent-grade Cu sulfate and five organic Cu chelates and complexes in excess of 90%. High solubility values for reagent-grade Mn sulfate were also reported by Henry et al. [6] .
Experiment 1
There was no effect (P > 0.10) of Mn source or dietary Mn concentration on feed intake of chicks fed for 21 d (Table 3) ; however, BW decreased (P < 0.05) as intake of Mn increased from an average of 738 g in birds given the control diet to 698 g in those given 1,500 ppm Mn from either source. Black et al. [16] [18] and Henry et al. [6] reported no effect of dietary Mn concentration on feed intake or BW of chicks fed Mn sulfate or several forms of feed-grade Mn oxide or a Mn methionine complex at up to 3,000 ppm added Mn for 3 wk. Percentage of bone ash also decreased (P < 0.01) in birds given the greatest Mn supplementation level compared with those given other diets, which was unexpected in light of results reported earlier [6, 16] , in which similar dietary Mn concentrations had no effect on bone ash. Black et al. [5] reported differences in percentage of bone ash in chicks fed three Mn sources at up to 4,000 ppm added Mn; however, there was no apparent pattern to the changes as found in the present study. There were effects (P < 0.0001) of Mn source and added Mn concentration on bone Mn concentration, as well as an interaction (P < 0.0001) in which bone Mn concentration was similar in chicks fed up to 1,000 ppm Mn from either source, but was greater in chicks given the standard source at 1,500 ppm compared with those fed the Mn AA chelate. This phenomenon probably represents a change in storage location or increase in excretion, but without a compartmental model describing kinetics of a tracer dose of Mn in chicks it is impossible to be more specific. A Mn methionine complex fed at similar dietary concentrations did not react similarly in an earlier experiment [6] . Henry et al. [6] reported bone Mn concentrations that were greater for the organic Mn complex than the standard reagent-grade sulfate at all levels of supplementation. A relative bioavailability value of 108% for the Mn methio- Table 4 . The coefficient of determination indicated an excellent fit to the linear model (R 2 = 0.94). The response for the standard source, reagent-grade Mn sulfate was set at 100%. The estimated relative bioavailability value was 84 ± 3.5 for the Mn chelate and the slopes differed (P < 0.05). A regression in which the highest level of supplementation (1,500 ppm) from both sources was omitted, resulted in a bioavailability estimate of 100%.
Experiment 2
There was a linear effect (P < 0.001) of added Cu on feed intake in which increasing dietary concentrations had an inverse relationship in chicks given either of the supplemental sources (Table 5) . Feeding birds the CuAA or Cu sulfate decreased (P < 0.05) feed intake compared with birds given the control diet. Body weight also decreased (P < 0.01) as intake of Cu increased to a level of 450 ppm from either source. Guo et al. [3] reported no effect of Cu source or level on feed intake in an experiment with similar amounts of Cu supplementation and duration. In a second experiment, however, in- Liver Cu concentration increased linearly (P < 0.0001) with increasing dietary Cu supplementation (Table 5 ). Chicks given Cu sulfate accumulated more (P < 0.0001) Cu in liver than birds given CuAA. The concentration of Cu found in liver was generally less than that reported previously in chicks given similar levels of supplementation for the same length of time [3, 4, 20, 21] .
Despite the fact that greater liver Cu concentrations were found with Cu sulfate compared to the CuAA, the relative values from linear regression equations (Table 6 ) in which Cu intake rather than dietary concentration was used as the independent variable, due to differences in feed intake, were similar for Cu sulfate (100%) and CuAA chelate (96.4 ± 14.3%). Guo et al. [3] reported bioavailability values for organic Cu sources relative to that from Cu sulfate, ranging from 105 to 124% in two experiments. Pott et al. [21] reported that a Cu lysine complex was 99 ± 4.8% as available for chicks as reagentgrade Cu sulfate. Aoyagi and Baker [22] found a value of 120% for Cu lysine relative to reagentgrade Cu sulfate for chicks.
The bioavailability values found in the present experiments for these two new chelated mineral products were similar to estimates for other organic products tested in other studies, which generally range from 90 to 120% [1] of a highly 
CONCLUSIONS AND APPLICATIONS
1. The relative bioavailability of Mn in the MnAA chelate was found to be approximately 15% lower than that of reagent-grade Mn sulfate for chicks when all data were included in the regression model, but equal when the greatest level of supplementation was eliminated. 2. The relative bioavailability of Cu in the CuAA chelate was found to be similar to that of reagentgrade Cu sulfate for chicks. 3. Due to their lower solubility in water, both of these new compounds should be acceptable supplemental sources of Mn or Cu for inclusion in diets for poultry and may be less prone than sulfates to problems with caking in humid climates.
